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 In large and small scale applications, different kinds of variable speed 
driving systems can be found. For saving the energy consumption of these 
devices, eco-friendly electronics are used, which lead to the development of 
the Brushless DC motor (BLDC). Its higher power density, higher efficiency, 
higher torque at low speed, and low maintenance enhances the use of  
a BLDC motor. The existing mixer grinder consists of the universal motor, 
which operates in alternating current supply due to high starting torque 
characteristics and simple controlling of the speed. The absence of brushes 
and the reduction of noise in the BLDC extends its life and makes it ideal in 
a mixer grinder. A solar-powered BLDC motor drive for a mixer grinder is 
presented in this paper. A DC-DC buck converter is utilized to operate  
the PV (photovoltaic) array at its maximum power. The proposed hysteresis 
current control BLDC system has been developed in the MATLAB.  
The commercially available mixer grinder is presented along with  
the proposed simulated system for performance comparison. It can be 
concluded that at the no load condition, the efficiency of the experimental 
existing mixer grinder is 51.03% and simulated proposed system is 81.25% 
and at load condition, the efficiency of the experimental mixer grinder is 
49.32% and simulated system is 79.85%. 
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1. INTRODUCTION  
In recent years, due to the varied climate conditions and energy security, solar generating 
arrangement has gained extensive attention [1, 2]. Solar energy is used in domestic appliances like the mixer 
grinder in remote regions where power transmission is impractical. In the commercially available mixer 
grinder, the universal motor is used [3, 4]. In addition to the low efficiency of a universal motor, it needs 
regular maintenance due to the commutators and brush arrangements [5]. The BLDC motor with an 
electronic commutator requires no maintenance and is highly efficient. In comparison with the universal 
motor, the BLDC motor has unity power factor and high power density [6, 7]. Figure 1 presents a diagram of 
the proposed BLDC motor drive used in the mixer grinder. The high efficiency of the BLDC motor decreases 
the size of the PV array and the installation cost. Its higher power factor reduces the capacity of the used 
voltage source inverter (VSI) [8]. A buck converter is placed between the solar array and the voltage source 
inverter (VSI). Additionally, the buck converter is operated by controlling the PV array through the Perturb 
and Observer MPPT algorithm technique [9-10]. The BLDC mixer grinder is fed by the VSI. The three 
current sensors and hall sensors are fed to a BLDC motor control. The BLDC motor control is the hysteresis 
current controller, and gate signals from the controller are fed to a VSI for controlling the speed of the motor.  
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Figure 1. Schematic diagram of proposed mixer grinder 
 
 
2. RESEARCH METHOD  
The mathematical modelling of the BLDC motor and the proposed speed control by hysteresis 
current controller is explained below. 
 
2.1. Modelling of the BLDC drive system 
To run the motor at different speeds, the BLDC motor drive requires a speed controller for smooth 
control of the drive [11]. A closed loop speed controller of the BLDC motor drive is depicted in Figure 2.  
In the closed loop operation, the time reference speed can be varied for the drive to work at the desired speed. 
In the closed loop speed controller drive, the actual speed of the motor is fed back as input. By using  
the control systems, the speed can be varied as required. The actual speed is fed back as input and is 
measured with a reference speed values, which generates the error signals. This is fed to the PI controller, 
which controls the speed [12, 13]. The past and the present error gets nullifies by the PI controller. The speed 
fed to the PI controller generates reference torque values. This values are compared with the actual motor 
torque fed from the hall sensors. The reference current is generated by the error signals produced by  
the reference torque and the measured actual torque [14, 15]. The reference current and the measured current 
generated error signals is fed to the hysteresis current controller. The gate pulses to a VSI switches to turn 
ON or OFF is produced by the hysteresis current controller. The DC link capacitor acts as the source to  
a voltage source converter. All the feedback to generate the error signal are sensed by the hall sensors. 
Speed control by the current control method yields better results [16]. 
 
 
 
 
Figure 2. Schematic diagram of speed control of BLDC motor  
 
 
2.2. Mathematical modelling of the BLDC motor 
Consider a cylindrical rotor and stator as having three phase windings, namely, a, b, and c. The rotor 
is of permanent magnets with a uniform air gap, while the stator has three phases, which are star-connected. 
The motor is not saturated as it is operated within the rated current. The dynamic equations of phase a,  
phase b, and phase c are: 
 
a
cba
San e
dt
di
M
dt
di
M
dt
di
LRV   (1) 
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b
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c
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Scn e
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di
M
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di
M
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LRV   (3) 
 
Where, R is the resistance of the armature, L is the self-inductance of the armature, M is the mutual 
inductance of the armature, Van, Vbn, and Vcn is the voltage of the terminals, and ia, ib, and ic is the input 
current of the motor. 
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In the BLDC motor, the function of a rotor position is related to the back emf. Each phase of  
the back emf has 1200 phase angle differences. Therefore, the equations for each phase are as follows: 
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The total torque was as follows: 
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Where, Te is the electromagnetic torque, B is the flux density, TL is the load torque, and J is the current 
density [17]. 
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2.3. System design 
For the desired operation of the mixer grinder, suitable specifications and design of the PV array, 
Buck converter, and the BLDC mixer grinder play an important role. A 4-pole BLDC motor with 10000 rpm 
and 200W is selected. The PV array, Buck converter, and mixer grinder are selected so that the function of  
a system is not disturbed under any climatic conditions. 
 
2.3.1. PV array and maximum power point tracking (MPPT) 
A PV array with peak power of 300W was designed for a 200W mixer grinder in order to 
compensate the motor and converter losses. Table 1 shows the design of the PV array, and the MPPT 
technique used is the Perturb and Observer algorithm as shown in Figure 3. This algorithm uses less 
measuring parameters and a simple feedback. In this method, the voltage of a module is periodically given 
a perturbation, and the consistent power output is compared with the prior perturbing cycle. Due to 
the perturbation, if the power increases, then perturbation is continued in the same direction. After a peak 
power is reached, the power at the MPP is zero and the next instant decreases, then perturbation reverses. 
When steady state condition is reached, the algorithm oscillates around a peak power point. In order to 
sustain small power variations, the perturbation size maintained very small. The method is advanced so that it 
sets a reference voltage of a module corresponding to the peak voltage of a module. A PI controller acts to 
transfer an operating point of the module to that particular voltage level. It is seen that some power loss 
occurs due to this perturbation. The MPPT algorithm operates on the derivative of an output power (P) with 
respect to the panel voltage (V), which is equal to zero at MPPT [18].  
 
 
Table 1. Design of PV array 
PV module (HB-12100)  
Ns 36 
Vo 21V 
Io 7.1A 
Vm 17V 
Im 6A 
Voc 63V 
Isc 7.1A 
Modules in series 3 
Modules in parallel 1 
Peak Power  300W 
 
 
 
 
Figure 3. Flowchart of the perturb and observer algorithm 
 
 
2.3.2. Buck converter 
The Buck converter is the DC-DC converter, which steps downs the voltage from its high  
input voltage. Figure 4 represents the circuit of the Buck converter. Table 2 shows the specifications of  
the buck converter. 
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Figure 4. Circuit of the buck converter  
 
 
Table 2. Specifications of the buck converter 
Input voltage (Vin) 51.6V 
Output voltage(Vo) 48V 
Switching frequency(fsw) 500kHz 
Inductor current ripple (Iripple) 30% 
Output voltage ripple(Vripple) 10mV 
 
 
To calculate the value of the inductor: 
 
T
I
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

 *  (15) 
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I
f
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VV *)  (16) 
L=11.16μH 
 
To calculate the value of the capacitor: 
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Given, ESR (Effective series resistance) is 0.03Ω, ,6.0 AI  and 8.0T μ sec: 
 
Cmin=15μF 
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I
V
T
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

 =470μF (18)  
 
Table 3 shows the switching states of the VSI. The three hall sensors are used to produce gate 
signals to the VSI by electronic commutations. Electronic commutations refer to a commutation of  
the currents flowing through the windings of the BLDC motor in predefined sequences by the decoder such 
that direct current symmetrically is drawn from a DC bus of the VSI for 120° and placed in a phase with  
the back emf. The VSI is operated through the fundamental frequency switching pulses for reducing 
switching losses. Table 4 represents the specifications of the BLDC motor. 
 
 
Table 3. Switching states of VSI [11] 
Rotor position θ Hall signal Switching state 
H3 H2 H1 S1 S2 S3 S4 S5 S6 
NA 0 0 0 0 0 0 0 0 0 
0-60 1 0 1 1 0 0 1 0 0 
60-120 0 0 1 1 0 0 0 0 1 
120-180 0 1 1 0 0 1 0 0 1 
180-240 0 1 0 0 1 1 0 0 0 
240-300 1 1 0 0 1 0 0 1 0 
300-360 1 0 0 0 0 0 1 1 0 
NA 1 1 1 0 0 0 0 0 0 
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Table 4. Specification of BLDC motor 
Rated Power 200W 
Input Voltage 48V 
Speed 10000RPM 
Stator Resistance(Rs) 0.6ohms 
Stator Inductance (Ls) 0.06mH 
Number of Poles (P) 4 
Friction Coefficient (B) 0.0682e-3  
Inertial Coefficient (J) 21.5e-3 J/kgm2 
 
 
3. RESULTS AND ANALYSIS  
The proposed solar based current controlled BLDC mixer grinder was simulated in the MATLAB 
software. The solar irradiance was varied from 500W/m2-1000W/m2, and power output of the PV array is 
depicted in Figure 5. From Figure 5, it can be concluded that when the solar irradiance is 1000W/m2, 
maximum output power is obtained from the PV panel. Figure 6a and 6b represents the output voltage and 
output power from the Buck converter when the solar irradiance is 1000W/m2.  
 
 
 
 
Figure 5. Power output from the PV panel 
 
 
 
(a) 
 
(b) 
 
Figure 6. Output voltage and power from the buck converter 
 
 
From the PI controller, the speed was regulated as depicted in Figure 7. The reference speeds and 
measured speeds is summed, and an error signals generated is given to a PI controller to nullify the error 
signal [19]. Figure 8 represents the measured torque of the BLDC motor. Initially, when the back emf is zero, 
the torque is high, and as the speed increases, the torque decreases [20-21]. Figure 9 illustrates the phase 
currents of a BLDC motor. As the load increases, the motor draws more current [22-23]. When the speed is 
increased, the current drawn increases [24, 25].  
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The Philips HL 1643/04 model was used for the experimental demonstration as depicted in  
Figure 10. The specifications of this model are 600W, 230V AC, and speed of 18000 rpm. Flux 435 series II 
power quality and energy analyzer was used for taking the readings as shown in Figure 10. Table 5 shows 
the comparison of an existing mixer grinder and the simulated the proposed 48V BLDC system. If the crest 
factor is around 1.41, then there is an absence of distortion, and if the crest factor is above 1.8, then 
the amount of distortion is very high [26]. 
 
 
  
 
Figure 7. Reference and measured speed from the 
200W BLDC motor 
 
 
 
Figure 8. Measured torque of the BLDC motor 
 
  
 
Figure 9. Phase currents of the BLDC motor 
 
Figure 10. Experimental demonstration of existing 
mixer grinder 
 
 
Table 5. Comparison of the experimental existing mixer grinder and simulated proposed 48V BLDC system 
 
 
 
Experimental existing 
mixer grinder 
(600W) 
No load 
Simulated proposed 
mixer grinder 
(200W) 
No load 
Experimental existing 
mixer grinder 
(600W) 
With load 
Simulated proposed 
mixer grinder 
(200W) 
With load 
Amount of distortion (Crest factor)  Cf=2.39 Cf=1.41 Cf=2.05 Cf=1.39 
Total Harmonic distortion Voltage=5% 
Current=20.2% 
Voltage=3.35% 
Current=3.25% 
Voltage=4.8% 
Current=15.3% 
Voltage=3.15% 
Current=3.05% 
The efficiency of the system 51.03% 81.25% 49.32% 79.85% 
 
 
4. CONCLUSION  
As per the specification data, the proposed 48V BLDC mixer grinder was simulated in  
the Matlab/Simulink. The proposed closed loop current controller of the BLDC system was discussed.  
The torque, variable speed, and the stator currents characteristics were also discussed. A comparative 
analysis of the efficiency and the harmonic distortion of the experimental existing universal motor and  
the simulated proposed BLDC motor system was determined. Due to the absence of friction of the brushes, 
the efficiency of the 48V BLDC motor was higher than that of the mixer grinder operated in the universal 
motor. The crest factor and the total harmonic distortion was higher in the existing universal motor compared 
with the proposed system. 
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